Objective: The present study investigated the effects of consuming preloads with different macronutrient and energy contents on subsequent intake and subjective feelings of hunger and satiety in children, young adults and the elderly. Subjects: 30 Children (4 ± 6 y), 33 young adults (18 ± 26 y) and 24 elderly (61 ± 86 y). Design: A`preload test meal' design was applied. Subjects were given four different strawberry yoghurt preloads that varied in energy and macronutrient content, or no yoghurt. Children, young adults and elderly consumed 200, 340 and 300 g of the preload, respectively. One yoghurt was low-fat, low-carbohydrate and low in energy (the control; 0.7 MJa500 g serving), one yoghurt was high-fat and medium in energy (71% of energy (en%) of fat; 2 MJa500 g serving), one yoghurt was high-carbohydrate and medium in energy (87 en% of carbohydrate; 2 MJa500 g serving) and the fourth yoghurt was high-fat and high-carbohydrate and high in energy (42 en% of fat and 53 en% of carbohydrate; 3 MJa500 g serving). Ninety minutes after preload consumption, subjects had an attractive ad libitum lunch-buffet. Energy intake at lunch and subjective feelings of hunger and satiety were analysed. Results: The ability to compensate at lunch did not differ among the three age groups. Compared to the nopreload condition, all children, young adults and elderly ate signi®cantly less after the high-fat and highcarbohydrate yoghurt. The energy compensation observed in the children ranged between 7 21% and 34%, in the young adults between 15% and 44% and in the elderly between 17% and 23%. Hunger responses were clearly different between young adults and the elderly. Compared to the no-preload condition, the young adults showed larger differences in their appetite ratings than the elderly, indicating that the elderly were less sensitive to the energy content of the preload than the young adults. Conclusion: We conclude that the ability to regulate the food intake within a preload 90 min test meal paradigm did not differ among children, young adults and the elderly. Sponsorship: This study was funded by the European Commission as part of project FAIR-CT95-0574.
Introduction
Overweight and obesity are generally recognized to increase the risk of cardiovascular diseases and diabetes, and as a consequence there has been much debate about the underlying physiology of obesity. The prevalence of overweight in adults in European countries has been increasing over the last 15 y so that at least half of adults have a body mass index higher than 25 kgam 2 (Seidell, 1995a,b) . Overweight in children is a rising public health concern given its assumed increasing prevalence and its association with excess morbidity and mortality in adulthood (Gortmaker et al, 1996; Must, 1996; Srinivasan et al, 1996; Cook & Grothe, 1996; DiPietro et al 1994) .
On the other hand, a decrease in energy intake is shown in elderly Europeans (De Groot et al, 1996) . This may be a result of social in¯uences (e.g. lack of help with shopping, bereavement, poverty), physical aspects (e.g. dentition problems, mobility disability), physiological factors (e.g. loss of appetite, decreased taste and odour perception) or a combination of some factors (Morley, 1996; Morley & Silver, 1988; Roberts et al, 1994; . This so-called`anorexia of aging' may have serious consequences, such as severe weight loss after the age of 70 y that is associated with nutrition-related diseases (Rajala et al, 1990; Losonczy et al, 1995; Mowe Â et al, 1994) .
The control of food intake could play an important role in the development of obesity in children and young adults and anorexia in the elderly. The results of a number of studies suggest that the precision of food intake regulation declines with increasing age (Birch & Deysher, 1985 Roberts et al, 1994; . In Deysher's studies (1985, 1986) , young children 2 ± 5 y old compensated over a short-term period for a high energy intake at one meal by a lower energy intake at the next meal, and vice versa. Elderly men in the study of Roberts et al (1994) compensated less well for long-term (3 weeks) imposed changes in energy balance than did young men. reported that food intake compensation after different yoghurt preloads was less precise in elderly than in young men. The data on adult's abilities to show energy compensation are less clear, most likely because of variations in experimental designs (Foltin et al, 1990; Blundell et al, 1993; Rolls et al, 1991; Caputo & Mattes, 1992; De Graaf et al, 1992; Shide et al, 1995; Rolls & Hammer, 1995) . Up to now there has been no experiment in which all three age groups, ie children and young and elderly adults, have been compared.
The present experiment was designed to investigate the short-term regulation of food intake at three different stages in life. We used a preloading paradigm with a`preload test meal' design in children, young adults and elderly. Adjustments in energy intake were determined in a meal consumed ad libitum in response to covert changes of fat, carbohydrate and energy in a ®xed yoghurt preload. We also measured subjective feelings of hunger and satiety in young adults and the elderly to test whether the elderly are less sensitive to the energy content of foods than young adults.
Materials and methods

Subjects
The study involved 88 subjects divided into three age groups: 30 children (4 ± 6 y), 33 young adults (18 ± 26 y) and 24 elderly (61 ± 86 y). The children attended a primary school in Bennekom, a village near Wageningen (The Netherlands). None of the children had a food allergy or a chronic health problem; parental informed consent was obtained for each child. Young adults were healthy students of Wageningen University. Independently living elderly were recruited throughout Wageningen and its surroundings by advertisements and by word of mouth. Elderly taking any medications that would affect food intake were excluded from participation. The young adults and elderly signed an informed consent before participating in the study. They were told that the experiment was meant to assess sensory perception and feelings of hunger and satiety. Table 1 shows the main characteristics of these subjects in the study.
At the end of the study the young adults and elderly were paid and the children were given a small present. The experiment was approved by the Medical Ethical Committee of the Division of Human Nutrition and Epidemiology of Wageningen University.
Design
The study had a`preload test meal' design. Five different preloads were offered in a random sequence that varied for each subject, resulting in a within-subjects repeated-measures design with each subject serving as his own control. The ®ve experimental days took place in 2 weeks for each age group. The study with the elderly was conducted in the months July and August, the young adults in October and their children in November. A test day was run before the ®rst experimental day to familiarize the subjects with the experimental procedure. The data obtained from this day were excluded from further analysis.
At the present time there is no agreement on how long the time interval between preload and test meal should be (Rolls et al, 1991; Mattes, 1996; Houniet et al, 1997; Rolls & Hammer, 1995) . Several studies used a short time interval of about 20 ± 30 min (Birch & Deysher, 1985 Birch et al, 1989) , while other studies used an interval of more than 90 min (Drewnowski et al, 1994; Hulshof et al, 1995; De Graaf et al, 1993; Blundell et al, 1993; Birch et al, 1993; Johnson et al, 1991) . In the present study we chose a time interval of 90 min. We believe that with a shorter time interval the volume and weight effects rather than the energy content and macronutrient effects of the preload will be measured on appetite and energy intake. Another argument in favour of a 90 min time interval is that the digestion of regular amounts of carbohydrates and fats results in the largest differences after 60 ± 90 min in appetite-related physiological responses, such as CCK (Maas et al, 1997) , insulin (Jenkins et al, 1987) , glucose (Wolever et al, 1991; Jenkins et al, 1987) and diet-induced thermogenesis (Blundell et al, 1993; Visser et al, 1995) .
Preloads
The preloads consisted of four strawberry yoghurts in which the energy, fat and carbohydrate content was covertly manipulated (Table 2) . One yoghurt was low-fat, lowcarbohydrate and low in energy ( the control; 0.7 MJa500 g serving); one yoghurt was high-fat and medium in energy (71.4 percent of energy (en%) of fat; 2 MJa500 g serving); one yoghurt was high-carbohydrate and medium in energy (86.6 en% of carbohydrate; 2 MJa500 g serving); and the fourth yoghurt was high-fat and high-carbohydrate and high in energy (41.5 en% of fat and 52.5 en% of carbohydrate; 3 MJa500 g serving). There was one no-preload condition as well. The children, young adults and elderly consumed 200, 340 and 300 g of the preload, respectively.
Test meal
The test meal consisted of a lunch-buffet consumed ad libitum. The lunch-buffet was composed of bread (brown or white), sweet and savoury sandwich ®llings, fruits and drinks. Drinks were semi-skimmed milk, orange juice, coffee and tea. Fruits included apples and oranges. Sweet sandwich ®llings comprised chocolate paste and jam, and savoury sandwich ®llings were cheese, ham and peanut butter.
Subjects were allowed to choose whatever and as much as they wanted from the served foods. The sandwiches for the children were prepared in advance and were served on a tray in the middle of the table in front of the children. Coffee and tea was not offered to the children.
Measurements
Energy intake at lunch.Intake of food from the self-selected lunch-buffet was analysed by determining the wrappings and weighing all the amounts of food remaining on the plates. The amounts consumed were converted to energy and macronutrients with the help of the Dutch food composition table (NEVO, 1993). 1986) . The minimum value is 1 (no restraint), the maximum value is 5 (high restraint).
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Subjective feelings of hunger and satiety.Young adults and elderly rated their feeling of hunger and satiety of appetite by means of a double slash on six 150 mm visual analogue scales as described by Hulshof et al (1995) . The children did not complete these ratings. The six items were:`appetite for a meal';`appetite for something sweet';`appetite for something savoury';`oversatietyaoverfullness';`feeble, weak with hunger'; and`appetite for a snack'.
Sensory ratings preload.While consuming the preload, the young adults and elderly rated the pleasantness and perceived intensity of three sensory attributes on 150 mm visual analogue scales. For pleasantness the left-and right-hand side were anchored with the terms`very unpleasant' and`very pleasant'. For the perceived intensity of creaminess, sweetness and strawberry¯avour,`weak' and strong' were on the left-and right-hand sides of the scales.
Procedure
The young adults and elderly ate their breakfast at 8:00 h at home. They were asked to eat the same breakfast on each of the experimental days and to register the consumption of the breakfast in a diary. Every subject was asked not to eat or to drink anything between breakfast and preload, and between preload and the subsequent test meal. At 10:00 h the young adults and elderly were offered the preload at the departmental dining room. They scored their feelings of hunger and satiety on a visual analogue scale just before consumption of the preload and 15, 45, 75, 105 and 150 min after that rating. At 11:45 h, 90 min after the consumption of the preload, the subjects could eat whatever they wanted from the items of the test meal. During lunch, the young adults and elderly were sitting in groups, with 6 ± 8 subjects per table.
The children got the preload at 9:45 h in primary school during their regular classroom snack period. The no-preload condition was planned on the same day for all children; the other preloads were served randomly. Prior to the study the children were trained by the teacher, using games about taste and food choice (`What is taste?',`What would you choose from a lunch-buffet and why?'). The children did not eat or drink anything at school except the preload and the test meal. The lunch started 75 min after consuming the preload (at 11:15 h) in order to ®nish eating within the school hours (12:00 h). During lunch the children sat in the classroom at their own tables in seven groups of 4 ± 5 children. Each group was supervized by a parent who was instructed before the study not to interfere with the children's food choice.
Statistical analyses
Statistical analyses were carried out with the statistical software package SAS (SAS Institute Inc., 1990) . The data of the elderly were part of another study in which the effects of lunch environment (cosy vs non-cosy setting) on food intake were determined. In the present study we used the data of the elderly in the cosy setting, since this environment was analogous to the cosy setting of the children and young adults.
A repeated-measures analysis of variance (G 0.05) was performed to evaluate the effects of the preloads on energy intake at lunch using a model with preload, age group and subjects nested within age group as main effects. The (age group)6(preload) interaction re¯ected differences in ability to compensate at lunch between the age groups. Fourteen of the 30 children did not successfully complete the entire protocol because of failing to consume the amount of preload required in one or two conditions. Therefore, we used for safety two different methods to analyse the data because we did not want to miss a difference if one existed. First, we used the SAS Proc Mixed Procedure, which deals with unbalanced data and assumes that missing observations are missing at random. Second, we use the SAS Proc GLM Procedure in which we restricted the analysis to subjects who successfully completed the protocol (thereby excluding 14 children). Finally, we used a two-way analysis of variance (excluding the nopreload condition) to specify the effects of carbohydrate and fat in the preloads on energy intake at lunch. Differences in food choice data were assessed using the chisquare test. Short-term regulation of food intake EH Zandstra et al
Energy compensation was calculated as the difference of the mean lunch intake in the no-preload condition and the mean lunch intake for each of the yoghurt conditions divided by the energy of the preload, multiplied by 100. A positive value indicates that subjects (partial) compensate at lunch, while a negative value indicates that subjects over-eat at lunch.
Appetite ratings on scales for the`feelings of hunger and satiety' dimensions were read automatically by an Optical Mark Reader and were converted into scores from 1 (weak) to 25 (strong). Analysis of variance (G 0.05) and Tukey test were applied to investigate the effects of the preloads on absolute ratings, with age group and type of preload as the ®xed within-subject factor and subjects nested into age group as the random factor.
Results
Energy intake at lunch
The ability to compensate among the ®ve conditions at lunch did not differ between the three age groups ((age group)6(preload) interaction F(8,293) 1.33; P 0.23). The results did not change when the analysis was restricted to the subjects who successfully completed the protocol ((age group)6(preload) interaction F(8,279) 1.30; P 0.25; see Figure 1 ). The effect of the preloads on the energy intake at lunch was signi®cant within each group (F(4,60) 3.1, P 0.02 for children; F(4,128) 3.7, P 0.01 for young adults; F(4,92) 6.3; P 0.0002 for elderly). Compared to the no-preload condition, all children, young adults and elderly ate signi®cantly less after the high-fat and high-carbohydrate yoghurt. Furthermore, the elderly ate signi®cantly less, whereas the children ate signi®cantly more after the high-carbohydrate yoghurt compared to the no-preload condition.
The two-way analysis with fat and carbohydrate as the main factors (excluding the no-preload condition) suggested that the different energy intake at lunch was mainly due to the carbohydrate content and not to the fat content of the preloads (carbohydrate Ð F(1,60) 4.0, P 0.05 for children; F(1,128) 5.2, P 0.03 for young adults; F(1.92) 4.8, P 0.03 for elderly; fat Ð F(1,60) 1.3, P 0.26 for children; F(1,128) 0.1, P 0.75 for young adults; F(1,92) 5.7, P 0.02 for elderly).
There was an incomplete energy compensation for each of the three age groups (see Table 4 ). The energy compensation observed in the 30 children ranged between 7 21% and 34%, in the young adults between 15% and 44% and in the elderly between 17% and 23%.
The children's food choice pattern at lunch differed from that of the young adults and elderly (w 2 b 8.9, P`0.01 for all food products). The children ate more white bread with sweet spread than the other age groups. They chose in general an apple as fruit and orange juice as a cold drink. The elderly mainly consumed brown bread with savoury spread and an orange as fruit. For drinks they chose milk and coffee. The young adults mainly drank tea and, apart from that, had a similar food choice pattern to the elderly.
Subjective feelings of hunger and satiety. The absolute ratings of the items`appetite for a meal',`appetite for something sweet' and`appetite for something savoury' are presented in Figure 2 . The mean responses for the items feeble, weak with hunger' and`appetite for a snack' were similar to the responses of the item`appetite for a meal', while the curve of responses of the item`oversatietya overfullness' was the reverse.
Analysis of the appetite responses revealed a signi®cant time effect for the six items across the ®ve conditions (all F(5,1090) b 106.4, P`0.0001; see Figure 2 ). A group effect (young adults vs elderly) for the six appetite items was found (all F(1,1416) b 4.7, P`0.03) such that the appetite ratings between the conditions differed more in the young adults than in the elderly. The young adults gave lower ratings after the high-fat yoghurt, the high-carbohydrate yoghurt and the high-fat and high-carbohydrate yoghurt compared to the no-preload condition for all appetite items (all F(4,950) b 15.8, P`0.0001). The elderly gave only lower ratings after the consumption of the high-fat and high-carbohydrate yoghurt compared to the no-preload condition for all appetite items, except for appetite for something sweet', where the appetite ratings were lower after the consumption of the high-fat yoghurt (all F(4,685) b 3.3, P`0.01). Neither the young adults nor the elderly had differences in the appetite ratings between the high-fat and high-carbohydrate yoghurts.
Compared to the no-preload condition, the young adults generally showed larger differences in their appetite ratings Short-term regulation of food intake EH Zandstra et al Figure 2 Absolute ratings`appetite for a meal',`appetite for something sweet' and`appetite for something savoury' from 1 (weak) to 25 (strong) after different preloads for 33 young adults and 24 elderly.
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Sensory ratings preload.Analysis of variance of the sensory ratings of the yoghurt preloads showed no signi®cant differences in rated pleasantness, perceived intensity of strawberry¯avour or perceived intensity of sweetness (Table 3 ; F(3,96) 0.4, P 0.74; F(3,96) 1.4, P 0.26; and F(3,96) 2.6, P 0.06, respectively, for young adults; and F(3,96) 0.1, P 0.99; F(3,96) 1.3, P 0.28; F(3,69) 1.7, P 0.18, respectively, for elderly). The only statistically signi®cant difference found was in the rating of the creaminess of the yoghurt: the young adults rated the creaminess of the high-carbohydrate and highfat ± high-carbohydrate yoghurt higher than the control and the high-fat yoghurt (F(3,96) 29.4, P`0.0001), and the elderly rated the creaminess of the high-fat ± high-carbohydrate yoghurt higher than of the three other yoghurts (F(3,69) 3.6, P 0.02).
Discussion
The results of the present study show that the ability to regulate the food intake within a preload 90 min test meal paradigm does not differ among children, young adults and elderly. There is evidence for an incomplete caloric compensation in each of the three age groups. Compared to the no-preload condition, the young adults generally show larger differences in their appetite ratings than the elderly, suggesting that elderly may be less sensitive to the preload manipulations than young adults. In accordance with our ®ndings, Birch et al (1993) and Johnson et al (1991) found an incomplete compensation in children (2 ± 4 y) after a 90-min time interval. However, two studies by Deysher (1985, 1986) showed complete compensation for, respectively, 18 and 21 children (2 ± 5 y) using a 20-min time interval. Based on this research Birch and co-workers suggested that children are more sensitive to physiological, internal cues than adults or older children, who may be more susceptible to eat in response to external cues (eg experience with food and eating, socio-cultural factors, Birch & Deysher, 1985 Birch et al, 1989) .
Both and Roberts et al (1994) showed an impairment in the food intake regulation in elderly individuals compared to young adults. The preload test meal design of the present study is analogous to the design used in the study of . There are two major differences between their study and our study: the amount of yoghurt consumed (500 g in their study for both the young and elderly men, respectively, and 340 and 300 g in our study for the young and elderly adults, respectively), and the length of the time interval (30 min in their study vs 90 min in our study). found a larger difference in energy intake at lunch between the no-preload condition on the one hand and the control, the high-fat and the high-carbohydrate condition on the other hand than in our study. However, in the study of , the difference in energy intake at lunch between the control, the high-fat and the high-carbohydrate condition was small for both the adults and the elderly. This is in agreement with our data. We therefore think that the lunch intake data after the no-preload condition in the study of are mainly due to weight effects of the preload. The basis for this explanation was recently con®rmed by two studies of Rolls et al (1998) and De Graaf & Hulshof (1996) . Rolls et al (1991) reported that the time interval between preload and subsequent test meal may affect the degree of compensation; a nearly perfect complete compensation was shown in young adults after 30 min, and a compensation of 61 ± 90% was found after 90 min. In the present study we chose a 90 min time interval because we believe that a 20 min interval does not measure the physiological effects (e.g. CCK, insulin), but only volume and weight effects of the preload, whereas a longer time interval includes the physiological postingestive and postabsorptive effects as well.
Hunger responses were clearly different between young adults and elderly. Compared to the no-preload condition, the young adults generally showed larger differences in their appetite ratings than the elderly, suggesting that elderly might be less sensitive than young adults to the energy content of the preload. The results con®rm the visual analogue data of , who showed that the older men were less hungry than the young participants in all conditions. Clarkston et al (1997) concluded that aging is associated with reduced desire to eat and hunger after a meal. De Castro (1993) indicated as well that food intake did not affect hunger to the same extent in the elderly as it did in younger subjects. He suggested accordingly that food intake in the elderly is primarily in¯uenced by external factors. Therefore, the elderly may Short-term regulation of food intake EH Zandstra et al require an increased conscious control over food intake than younger adults in order to prevent nutrition-related diseases.
No differences in effects of fat and carbohydrate on subjective ratings of the young and elderly adults were found, which is in line with most studies that have been conducted with young adults (Foltin et al, 1990; Rolls et al, 1991; De Graaf et al, 1992; Warwick et al, 1993; Rolls & Hammer, 1995) .
The visual analogue ratings of the yoghurts indicate that the young adults and elderly subjects could hardly distinguish the yoghurts on the basis of the sensory properties. The preloads in the present study were perceived as equal in palatability, sweetness and¯avour intensity, only not in creaminess. The results of a recent study suggest that palatability may affect satiation but not satiety (De Graaf et al, 1999) . Since the preloads were equally palatable, we assume that subjects were responding on the basis of physiological cues related to the energy and macronutrient contents of the yoghurts, with minimal in¯uence of orosensory stimulation.
It should be noted that the elderly participants in our study represented a more heterogeneous group than the younger participants. The elderly subjects had on average a higher BMI and were more restrained that the young adults and children. Lean, unrestrained adults may differ from obese, restrained adults in their ability to regulate food intake (Rolls et al, 1994) . In particular obese women and those concerned with regulation of body weight may be relatively insensitive to the satiety value of fat (Rolls et al, 1994) . The higher mean body weight of the elderly subjects followed the trend for increased body weight until late middle age (Cornoni-Huntley et al, 1991) . The few restrained elderly (n 6) in the present study did not differ in energy compensation at lunch compared to the non-restrained elderly (`4%, P b 0.3). We assume that the higher body weight and restrained eating score of the elderly did not highly affect the results of the energy intake at lunch. The children's food choice differed from the young adults and elderly. The children tended to select the foods they were not allowed to eat and drink at home. They ate more white bread with sweet sandwich spreads and drank less milk compared to the 329 children (aged 4 ± 7 y) of the Dutch National Food Consumption Survey Ð a survey carried out in 1992 in order to obtain information on eating behaviors of several population groups in the Netherlands (Voorlichtingsbureau voor de Voeding, 1993). Davis (1928 Davis ( , 1939 reported that, in the absence of adult control, infants were able to choose their own foods to maintain growth and health. She argued that her results provided evidence for an innate, automatic mechanism that regulates both the quantity and the variety of foods selected. However, she only offered nutritious and unsweetened foods that were considered to be good and healthy for children (Story & Brown, 1987) . Klesges et al (1991) showed that children selected sweet foods over nonsweet, more nutritious food when they were allowed to eat in a free choice situation. Children are less sensitive for the sweetness of sucrose than young adults (Zandstra & De Graaf, 1998; James et al, 1997) , which could be the reason why the children preferred higher sucrose levels in the foods. Results of the same study of Klesges et al (1991) showed that parental in¯uences had a marked effect on the children's food selection: both the threat of parental monitoring and actual monitoring decreased the sugar content of foods selected and the total energy content of the meal (Klesges et al, 1991) . The presence of the ®ve supervizing parents at lunch could have in¯uenced the children's food selection. We tried to minimize this in¯uence by instructing the parents prior to the study not to interfere with the children's food choice.
Finally, the results of the present study are limited to a single exposure to the preload. It has been reported that food acceptance patterns are modi®ed by postingestive consequences (positiveanegative) of food intake. Likewise, children and young adults can learn to adjust their food intake after high energy preloads within a few exposures (Birch et al, 1990; Birch & Deysher, 1985; Kern et al, 1993) . A study with repeated exposure to the preloads might result in a better regulation.
